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TEXAS ENGINEERING TECHNICAL NOTE

No. : 210-18-TX3

HYOROLOGY

PROCEDURE FOR MAKING A RESERVOIR OPERATION STUDY

INTRODUCTION---

This Technical Note provides information relative to the source of data

for making a reservoir operation study and a manual procedure for making

the study.

A computer program (RESOP) is available at the Fort Collins Computer

Center. The Reservoir Operation Study program is similar to any program

dealing with budgets or flood routing. The inflow minus the outflow

equals the storage remaining in the reservoir. Spillage, evaporation,

and seeDaae are considered in the operation routine. Reservoir Operation

Study Input Data Forms 1 and 2 provide a format to record input data.

Footnotes on the back side of Form 1 provide instructions. This technical

note gives sources of input data.

GENERAL

The interest of local organizations to include conservation storaQe in

reservoirs being planned in watershed programs, makes it necessary that

Soil Conservation Service technicians have a procedure to follow in devel-

oping reservoir operation studies. Reservoir operation studies for fish

and wildlife or il"rigation purpose can be the responsibility of the Soil

Conservation Service technicians. Studies for municipal water supplies

will be developed bya consultant responsible to the municipality concerned,

but should be reviewed by Service technicians.

A reservoir operation study should extend from a period of sufficient runoff

to fill the reservoir through a critical drought period. The volume of

storage and the plan of withdrawal will cause the critical period to vary;

thus, it is necessary that the operation study extend over a sufficient

period of time to ensure that demands can be met. The period 1947 to 1957

has been determined to be a historical drought in Texas and may be sufficient;

however, the period 1941 to 1957 will reveal the ability of the reservoir to

fill before the critical period and for reservoirs with a high storage-runoff

ratio, the longer period should be used.

PRECIPITATION
..

Monthly amounts of precipitatron for a gage nearest to the site should be

tabulated. The U.S. Weather Bureau Climatography Publications contain this

information.
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INFLOW

Monthly inflow to the reservoir site should be determined f.~om. or checked

with stream gage records where they are available. Historical ga3e records

are available in USGS Water Supply Papers. The Texas Department of Water

Resources Report 244 contains a compilation of surface water records in

Texas through December 1975 and is a convenient source of historical gage

records.

Historical gaged runoff includes both surface runoff and spring flow, and

is related to changing developments that have occurred during the period of

record. These developments include diversions, return flows, changed land

use and land treatment condition, and other factors affecting runoff. In

planning for future water use, the future condition of development of the

watershed should be used.

Runoff for a site location may be determined from the historical gage

records, adjusted for future conditions of development, bya drainage area

relationship, bya drainage area -precipitation ratio, or by a drainage

area -precipitation -runoff condition ratio. For river basins in the

State of Texas, the Bureau of Reclamation prepared for the U.S. Study Com-

mission -Texas, monthly future condition runoff by subwatersheds for the

period 1941-1957. These are considered conservative estimates of future

condition runoff, but are in a readily usable form and may be used where

applicable.

The scs technicians usually will be involved in reservoir sites which have

drainage areas smaller than those with gage records and, in some instances,

on streams which are not related to gaged records. In these areas, monthly

runoff can be determined from a rainfall-runoff analysis using storm rain-

fall on the site drainage basin and the future condition hydrologic soil-

cover complex curve number developed for the site.

The ARS in Temple, Texas, has developed a computer program that uses the

average runoff curve number and daily rainfall to compute the monthly run-

off from a watershed. This is a soil moisture budgeting program and can

be made available.

Figure 1 can be used to estimate monthly rainfall based on the runoff

curve number and monthly rainfall. If this approach is used, however, the

computed average annual runoff should be checked with gaged runoff from

other areas of approximately the same size and located in similar climatic

zones.

~1onthly runoff should be tabulated in inches and in acre-feet as inflow to

the site.

EFFECTIVE PRECIPITATION

Effective precipitation is thtt portion of precipitation that does not

result in runoff, and is obtained by'subtracting the inches of runoff

from inches of precipitation.
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GROSS LAKE SURFACE EVAPORATION

Gross lake surface evaporation is the total evaporation loss from a

unit area of lake surface, and may be obtained by applying the a.ppro-

priate coefficient to pan evaporation.

Considerable data are available on rates of evaporation as measured by
various types of pans. The three general types of pans currently in
use are:

Remarks

Young (screened) 24 36 Sunken in ground

Bureau of Plant Industry

(BPI)
72 24 Sunken in grouf1d

Weather Bureau Class A 48 10 On low wood platform

Use of the data from the various types of evaporation pans requires that

it be correlated to a unit base. Previous studies indicate that BPI pan

data, when multiplied by 1.24, will approximate Weather Bureau Class A pan

data. Young screened pan data will need to be multiplied by 1.28 to

approximate Weather Bureau Class A pan data.

The coefficient which will be applied to Weather Bureau Class A pan data

to obtain gross lake surface evaporation should be taken from Figure 2.

For most studies made by the Soil Conservation Service, the annual average

Class A pan coefficient may be applied to convert pan evaporation to gross

lake surface evaporation. Greater refinement is possible by using a

monthly coefficient which may be computed from the following table.

Table- 1*, Monthly Coefficients

January

February
March

April

May
June

J[Jly

August

September
October

November

December

98.6
85.7
82.1
82.1
87.1
93.7

101.4
107.9
112.9
116.6
117.9
114.3.

* Based on Geological Survey Circular 229, Water Loss Investigations,

Volume 1 -Lake Hefner Studies, Technical Report.
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Texas \~ater Development Board Report 64 has monthly Gross Lake Surfacp;

Evaporation tabulated for the period 1940-1965, by quadrangles, cover-

ing the State of Texa~. These were based on a 78 percent annual

Weather Bureau Class A pan coefficient. A ratio of the appropriate

coefficient, taken from Figure 2, to 78 percent multiplied by the

values contained in Report 64 will result in an adjustment due to the

effects of solar radiation, wind, dew point, and air temperature.

This is the actual evuporation loss which would occur from a unit area

of lake surface, and is obtained by subtracting effective precipitation

from gross lake surface evaporation. Net lake surface evaporation will

be computed in inches, but the corresponding values in feet should be

tabulated to facilitate the reservoir operation study.

SEEPAGE LOSSES

Reservoirs providing conservation storage generally should not be

considered when it appears that seepage losses will be significant.

If the \"ater holding ability of the site is questionable, the assistance

of the State Geologist should be requested.

DEMAND ON RESERVOIR

The demand on the reservoir generally varies from month tc month. Some

industrial demands may be constant, but municipal uses will reach peak

demand in the summer months. Irrlgaticn demand will occur during the

crop-growing season and will vary inversely with effective precipitation

Municipal and industrial demands will be determined by the consultant

responsibile to the local organization concerned. Reservoir demands for

irriyatiun use, hO~/e\'er, may be the responsibility of Soil Conservation

Service technicians, and should consider the crop(sl ) water requit'ement,

the portion o.f this need that \,till be supplied by precipitation and the

efficiency of the irrigation operation. A brief description of a pro-

cedure of developing irrigation demands on a reservoir is given below.

1 Effective Precipitation

Effective precipitation is that portion of rainfall that is

not lost to runoff or deep percolation and is availaol~ for

consumptive use of crops. Soils in the area planned for

irrigation usually are not similar to those in the reservoir

drainage area. Thus effective precipitation dS computed above

is not aoplicable to irrigation. The effective precipitation

on irrigated land can be estimated by applying the following

percentages to the total monthly precipitation:

-100% effective
-95% effective
-90% effective
-80% effective
-60% effective
-40% effective
-20% effective

lst inch

2nd in~h

3rd inch

4th inch
Sth inch ,

6th inch

Over 6 inches
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2. Consumptive Use

Consumptive use is the depth of water, in inches, removed

from a vegetated area by evaporation of moisture from soil

surface, by evaporation of intercepted water from plant

surfaces, by development of plant tissues, and by transpira-

tion from vegetal growths. There are several recognized
formulae or procedures used for determining consumptive use.

The Blaney-Criddle method is probably the most widely used,

and is based on an ernpirically determined relation of the

monthly consumpti ve use of a speci fi c cr.op to certai n

climatological factor~. Some of the better-known methods are

those discussed in "Methods of Computing Consumptive Use of

\~ater" by Wayne D. Criddle, Paper 151)7, Volume 84, IR-l,

Journal of the Irrigation Drainage Oivision, Proceedings of

the American Society of Civil Engineers, January 1958.

The Texas Board of Water Engineers' Bu11etin 6019, '.Consumptive

Use of Water by r-1ajor Crops in Texas," gives a procedure for

estimating consumptive IJse in which the physiologic character-

istics of the plant are related to air temperature, dew point

temperature, wind movement, and solar radiation. The bulletin

has monthly consumptive use values tdbulated for major crops

grown in each of 24 areas of major production covering the

State of Texas. These values may be taken directly from the

bulletin.

Calculation of Net Consumptive Use3.

Net monthly values for consumptive use of irrigation water

for each crop are obtained by subtracting effective precipita-

tion from the consumptive use. The percentage of each crop to

be lrrigated should be determined and the weighted net monthly

consumptive use determined. These should be expressed in feet

per acre to facilitate operation studies for varied amounts of

irrigation.

4. Consideration of Losses

Farm waste, deep percolation, and canal and lateral losses should

be provided for in the reservoi1'. Committee Print No. 12 of the

Select Comrnittee on tjational Water Resources of the U.S. Senate

gives the following irrigation efficiencies:

~

Farm Efficiency 50.0% 59.2% 68.4%
Canal Efficiency 60.6% 64.7% 70.5%
Overall Efficiency 30.3% 38.3% 48.2%

.
Forty-five percent overall efficiency is commonly used for project
type irrigation and 55 percent is used for nonproject type. In
the event that detailed information on irrigation efficiencies is
available for individual areas, such data should be used in lieu

of the values set forth above.
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5. Calculation of Diversion Requirement

Monthly diversion requirements for the critical per-iod may be

calculated by dividing the net value of consumptive use of

irrigation water by overall efficiency. The requirement rates

thus determined are then applied to the acreage planned for

irrigation and the demand on the reservoir is determined.

Other reservoir releases such as those required by prior

water rights should be added to the diversion requirements to

obtain tot.al demand on the reservoir.

RESERVOIR AREA-CAPACITY CURVE

An area-capacity curve should be developed for the reservoir. Though

sedimentation in the reservoir will actually reduce its surface area,

there are likely to be losses due to evapotranspiration in the area

occupied by the sediment. By assuming all sediment in the bottom of

the reservoir, the original area above the sediment pool will be

maintained. This permits omission of estimates of sediment alloca-

tions and provides an allowance for evapotranspiration from the

reservoir fringe area. Figure 3 is an example of a reservoir area-

capacity curve.

RESERVOIR OPERATION STUDIES

Table 2 gives an example of the operation study. In the examples the

conservation pool was assumed full at the end of the month prior to
the studys and net evaporation 105S for each month is based on the

surface area at the end of the prior month. It is evident that more

precise values could be obtained from use of the average surface area

during the months but to do so will require trial and error computa-

tions and will not give significantly better results.

A discussion of Table 2, by columns, follows. Months are listed for

long enough periods to ensure demands can be met.

Col. 1 -Monthly precipitation in inches is listed for a

location at or near the site.

Col. 2- ~1onthly inflow, in inches, to the reservoir site is

listed. If gaged runoff is used, this is calculated

from Column 3.

Cole 3- Monthly inflow in acre-feet may come from gage records
If a. rainfall-runoff analysis is madet the column is
computed from Column 2.

4.- Effective precipitation is obtained by subtracting

Column 2 from Column 1.

Col.

.
Col. 5- Gross evaporation is computed by adjusting pan

evaporation to lake surface evaporation or is computed

",;c-;!',) , b y use of climatic data. ", 'c,"' .' -i' " ,'

".' -v -.5""

Col. 6 -Net evaporation in in~e,~Jr~Yl~ fr~~$~btracting
Column 4 from Column 5.

~.
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Col. 7- Net evaporation in feet is Colunn 6 div;d~d by 12

Co1. 8 -Net evaporation in acre-feet is the product :J" r.olumn 12
for the previous month and Column 7 for "..:he c'-;:~!'ent
month.

Col. 9- Seepage losses where significant, should be tabulated

in feet per acre and then multiplied by the surface area

(Column 12) for the previous month to determine the

reservoir loss to seepage.

Col.1O- Demand in acre-feet should include all withdrawals or

release's from the reservoir.

Col.ll -Storage at the end of the month is obtained byadding

inflow to the storage at the end of the previous month

and subtracting net evaporation, seepage, and demand.

Eo,." -{previous month) + Co'. 3- Co'. 8- Co'. 9- Co'. iO

Co'.'2 -Re~d from area capacity curve, Figure 3.

Col.13 -Spillway discharge will be any storage at the end of the

month that is in excess of the reservoir capacity.

. ,.
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